The properties ofa laser influence the interaction ofthe intense laser light with materials. We will describe some of the diagnostics that we have implemented at the Los Alamos Bright Source to correlate the changes in the x-ray spectrum and temporal history of a laser generated silicon plasmas with the changes of the incident XeCl laser light. One property is of special interest is the multiple pulsing ofthe laser on top of the few ns long ASE prepulse. We find that an early pulse enhances the generation of the x-rays from a later pulse.
. Schematic of the laser system.
The experimental apparatus is shown in Figure 2 . The Bright Source laser pulse is introduced into a UHV target chamber and focused by an off-axis parabola, with a focal length of 15 cm, onto a solid flat target. The entrance window is an uncoated 1 cm thick UV grade fused silica to minimize the effects of self-focusing. The parabola is protected from target debris created in the laser-solid interaction by a 250 jtm thick fused silica blast shield. Orientation of the parabola to yield best focus was determined off line and is reproduced in the target chamber by a retro-reflection off the rear surface to an accuracy of Itrad. This allows focusing of the original 10 cm x 4 cm beam to a 5 jim diameter focal spot containing 50% of the energy albeit with significant intensity variations within the focal spot. Once the angular alignment is set, the "best focus" is determined by translating the target along the central ray of the parabola until maximal x-ray yield, as determined by a set of filtered pin diodes, is achieved. The width of the x-ray yield, as a function of axial distance, is typically 100 jim. This width agrees with the Rayleigh range calculated for the focusing optic.
Outside the target chamber are a number of diagnostics used to characterize the incident laser pulse as the ASE prelase, optical beam quality, time history and spectra of the incident and back scattered laser light. These quantities are essential in the determination of the irradiance on target and the target conditions created by the prelase fraction. Earlier work2'3 on solid targets 'and thin foils has demonstrated the critical influence of prelase on x-ray yield due to the importance of the scale length of the preformed plasma that the main pulse interacts with. Within the target chamber is the focusing optic, 3-axis target manipulator, and other, primarily x-ray, diagnostics. The target consists of a single crystal of silicon oriented in the 001 plane. As mentioned above, there is an array of filtered PIN diodes with peak energy responses from 1 to 40 keV. The low energy channels are sensitive to the line radiation from H-and He-like resonance lines and 324 ISPIE Vol. 2116 
DESCRIPTION OF THE EXPERIMENTAL APPARATUS
Diode the high energy channels are sensitive to the thick target bremsstrahlung produced by hot electrons. The x-ray signals from all channels peak at the same focus indicating that the peak line radiation occurs at maximum irradiance, since the hot electron production is an increasing function ofthe intensity". Spectral measurements of the line radiation above 1 keV are made with a flat crystal spectrograph, normally PET is used as the dispersive crystal. This device has an instrument width of 0.8 eV, determined by measuring the profile ofthe aluminum K line which has a known width. The time history of the emitted kilovolt radiation is measured with an x-ray streak camera.
DIAGNOSTICS OF THE LASER PULSES
5.11. Pulse length: autocorrelator:
Since a net factor oftwo temporal broadening U occurs from the 150-fs dye-oscillator pulse to the 3 15-fs S amplified output pulse, the evolution of the pulse duration in the system is investigated using an auto-correlator. Autocorrelations of the pulse as it traverses the amplifier chain are presented in the Figure 3 . These autocorrelations, obtained using two-photon ionization of DABCO vapor, all exhibit the 3 : 1 contrast ratio indicative ofwell-mode-locked pulses. The 250 fs output pulse from the preamplifier (a) is broadened to 400 fs by the spatial filter. (b) An experimental investigation of this broadening reveals that it is caused not by the aperture in the spatial filter but by a combination ofthe spatial filter optics such as the dielectric mirrors (30 fs), the CaF2 windows (60 fs) and the fused silica lenses (60 fs). The effects of the final amplifier on the pulse width are twofold: With the amplifier turned offand evacuated, the pulse broadens from 400 fs to 540 fs (c) as a result of group velocity dispersion in the amplifier's four 0.95-cmthick quartz windows. This broadening is substantially larger than the 2-fs broadening calculated for unchirped pulses. This result, along with the large time-bandwidth product LVLt of 1 .3, indicates that the input pulse to the final amplifier is significantly chirped and can be subsequently compressed using passive components with negative net group-velocity dispersion. On the other hand, gain saturation during the amplification process 
Pulse length: streak camera
While an autocorelator is useful in measuring the details of short laser pulse in averaging mode, a streak camera has lower temporal resolution, but greater temporal coverage and the capability of recording the individual temporal history in a single shot. Thus a streak camera complements an autocorelator measurement. A UV streak camera with KI photo cathode
has been used to measure the pulse length at the target. The streak camera entrance window has been designed to have the same thickness as the window of the target chamber, thus keeping any pulse-length stretching due to dispersion the same. The resolution of the streak camera and its dispersion have been measured on each shot by placing a known thickness of quartz in one half of the beam. Thus the pulse and its delayed counterpart are recorded simultaneously by the streak camera. One such record is shown in Figure 4 where multiple pulsing of the laser is shown. Fig. 4 . A streak of the laser pulse. The distance between the pulses is roughly i4ps.
The upper record was delayed by a 6.4 mm thick quartz. The shift between the two records correspond to the 14 Ps group velocity delay in the quartz relative to the same thickness in air. The inter-pulse separation for this laser shot is 15 2 ps. While this record shows an extreme case for the operation of the laser, it shows one method of calibrating the variation of the streak camera dispersion across the full screen. For that shot the dispersion was 15 ps153 pixels at the left and 15 ps/63 pixels at the right. The smallest recorded size was 4 pixels, the size of an MCP element in the intensifier screen. The streak camera was run at half its maximum streak rate.
Wavelength content:
Both the input and the back scattered spectrum of the laser pulse are measured on each shot. They are focused onto different spatial points on the input slit ofa 0.5 meter spectrograph and they were imaged onto separate areas ofa 2-D OMA. This provides a simultaneous time integrated spectrum ofboth signals with a 0.25 A instrument width. The incident spectrum clearly shows the vibrational structure of the XeCl excimer system5'6 (see Figure 5 ). Theback scattered spectra show significant blue shifts and are consistent with the existence of two separate phenomena. A low velocity shift of i07 cm/sec which is consistent with the bulk outward flow velocity deduced from x-ray pinhole photographs and a high velocity shift centered at 108 cm/sec. Numerical simulations7 predict a peak outward velocity of the critical surface due to ionization of this same value. Therefore we postulate that the high velocity shift is due to an effective ionization wave that is generated in the low density region infront of the target. A similar behaviour has been observed in gaseous targets.8 Contrast refers to the ratio of the peak laser power to the power that just precedes the main pulse. The power that precedes the main pulse can be of two sources; long term from the prelase or the ASE and short term due to multiple pulsing of the laser system. We refer in this section to the effect ofthe long prelase. The pulse contrast was measured using a pair of Uv diodes. One diode observed the main pulse with an attenuation of 5ND,whilethe other diode observed the ASE. The main pulse signal was integrated with a charge collector and calibrated versus an NBS traceablejoule meter. The ASE diode was digitized with 10 samples/ns and the signal was calibrated using another NBS traceablejoule meter. A typical prepulse trace is shown in Figure 6 . The trace shows a prepulse before 22 ns, when the main laser pulse arrives, and also shows the ASE lasting 20 us after the main pulse. The main pulse contains 100 mJ and has a power of W. The prepulse contains .6 mJ and lasts 6 ns. The peak prepulse power is 2x105 W. The laser pulse power is at least six orders of magnitude larger than the prepulse power, and since it is more focusable irradiance is much larger as well. The main laser-pulse power is off scale in Figure 6 .
Quality of the laser beam:
The beam quality of the fully amplified output pulse is determined by measuring its transmission through a calibrated pinhole when a heavily attenuated fraction is focused by the same focusing optics as used in target chamber. Alternatively, we image the incident laser beam in an equivalent focal plane. We use a 20 m focal length lens to minimize the spherical aberrations at focus. Since the transverse profile of the unfocused beam is fairly flat-topped, we assume that the intensity profile in the focal plane is given by the Fraunhofer diffraction integral for a uniformly illuminated rectangular aperture. Using an on-axis parabolic mirror with an effective focal ratio of f/3.7, the measured transmission of 82% through a 10 jim SPIE Vol. 2116/327 10. 000 7.
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Wavelength (A) diameter pinhole then implies FWHM dimensions of the central diffraction spot of 3.4 jim x 4.1 jim. With these focal-spot dimensions our estimate for the mean irradiance is 4.9 xlO'8 W/cm2. The peak irradiance, if the beam was diffraction limited, can be as high as lx 1020 W/cm2. 
DIAGNOSTIC OF THE LASER TARGET INTERACTIONS
An x-ray pinhole image of the silicon target emitting region is shown in Figure 7 . The region was observed through a 7 jim pinhole that is filtered by 25 jim ofberyllium, thus observing only the H-and He-like emission. The FWHM of the recorded image is less than 14 jim, which gives a deconvolved image of 10 jim. The image is the integral of 10 shots and shows the good pointing and focusing stability of the lasert beam system.
Visible imaging
The purpose of the visible imaging is to investigate the stability of Gbar shock waves in a solid, and the formation of holes through a foil target. Previous work9 in gases has shown that Taylor-Sedov blast waves propagating through nitrogen are stable, but an instability develops for propagation in xenon. This raises the question whether a similar material dependence occurs for shock wave propagation in solids. The experimental setup and associated diagnostics are shown in Fig.8 . A thin silicon foil target (5-10 jim) is placed at the focus of a parabola and is irradiated by a 300 fs laser pulse at several 1018 W/cm2. The radiation pressure and thermal pressure after absorption generate a Gbar shock which propagates into the foil.
328/SPIEVo!. 2116 A pellicle in the incident beam in front of the parabola splits offa small fraction of the laser pulse which is then steered to illuminate the back of the foil. By adjusting the distances from the pellicle between the front and back of the foil, the time between the initiation ofthe shock on the front and the snap-shot illumination on the back can be varied. Hence the shock breakout conditions on the back surface can be imaged with a single 300 fs snap-shot at a specific time during the breakout.
The imaging system consists of an F/2.7 lens, color corrected over 2nm at the laser wavelength of 308 nm at a magnification of 30. The resolution of the lens in the object plane is about 1 jim, which corresponds to 3 pixels in the 10-jim pixel CCD camera. The images are recorded for analysis by an 8-bit digital recording system. Figure 9a show a typical image taken about 200 ps after initiating the shock on the front of the foil and for comparison, the image of the final hole in Figure  9b . It appears that in this shot we captured the image during the formation of the hole. The soft x-rays in the wavelength range 20-60 Angstroms are recorded with a flat-field imaging spectrometer10'11. The spectrometer uses two variable line spacing gratings to record the spectrum; the first has a resolution of 8000 and the second has a resolution of 200. The spectrum is detected and amplified by a 7 tm diameter MCP that is coated with CsI. The output of the MCP is coupled by a fiber optic taper to a one-dimensional silicon diode array. The spectrometer is absolutely calibrated at a few wavelengths using an electron impact x-ray source. A typical raw spectrum of a silicon target, when the laser is focused in front of the target, is shown Figure Figure 1 1 show a silicon spectrum measured with two laser shots. The spectrum shows the satellites to the La line, which were identified as He-like dielectronic satellites 2121'-1s21, and 2131'-1s31. The relative intensities ofthe lines can be used to derive an electron temperature of the plasma of 460 eV. This is close to the peak temperature of the plasma, when dielectronic recombination occurs 6.5. X-ray Pulse Length The x-rays that are generated in the plasma are observed with an x-ray streak camera with a KJ photo cathode. The streak camera observes the plasma through several foils13 each ofwich observes a particular energy region. Two typical spectra, through 4 foils that cover different spatial extents ofthe slit are shown in Figures 13a and 14a . The corresponding laser pulse histories are shown in Figure 13b and 14b respectively. Figure 13 shows that a single x-ray pulse is generated when the laser has one pulse. When the laser has two pulses, Figure 14 , but with the same energy as the single pulse, then the generated x-rays show an equal number of pulses, separated by the same 19 Ps time. However note that while the second UV pulse is weaker than the first, the second x-ray pulse is not much weaker than the first x-ray pulse. The first pulse may generate few hundred eV plasmas with expansion velocities of 3x107 cm/sec. By the time the second pulse arrives the plasma conditions suitable for conversion into x-rays are similar to those experienced by the first pulse. X-ray calorimetry, using filtered silicon diodes, indicates that the multiple pulse shot generated 50%more line radiation than the single pulse shot. The hard x-rays show a 20% increase. The calorimetry results agree with the results from the x-ray streak camera measurements.
332/SPIE Vol. 2116 Fig. 13b . UV streak camera record when the laser generates a single pulse. Fig. 13a . X-ray streak camera record when the laser generates a single pulse. Fig. 14a . X-ray streak camera record when the laser generates a two pulses.
SUMMARY
We have shown that a variety of diagnostics are needed and used to characterize the various laser properties: prepulse, pulse length, energy and spot size. Similarly many properties of X-rays from the laser generated plasmas are recorded simultaneously: pulse length, energy content, spatial extent and spectral content. All these are needed in order to understand how the laser energy is coupled to a target in order to generate x-rays. We found that a small amount of ASE is needed to increase the x-ray production. We also found that the existence of a large first pulse, as opposed to the longer prelase or ASE, does not significantly reduce the production of x-rays from the second pulse, at least if the inter-pulse separation is greater than the laser pulse width. Indeed, the x-ray line-conversion efficiency for the second pulse is somewhat larger than that for the first pulse.
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